Introduction {#sec1-1}
============

**What was known?**

All previous researchers who studied the apoptosis markers in psoriasis have localized those markers in patients' skin.HCV is currently suspected as a possible pathogen in psoriasis.Till date; there have been no studies on the importance of Bcl-2, P53, and tTG concentrations in the serum of patients with psoriasis. Also, no previous research has investigated the clinical severity of psoriasis in HCV infection, regarding changes in apoptosis and its regulatory proteins.

Psoriasis is a common inflammatory skin disease characterized by hyper proliferation of keratinocytes associated with acute and chronic inflammatory cells.\[[@ref1][@ref2]\]

Although there are varied etiological factors in the pathogenesis of psoriasis, recent data shows that hepatitis C virus (HCV) is more prevalent in patients with psoriasis than in the normal population.\[[@ref3]\] HCV in particular is associated with many dermatoses including psoriasis. The extra-hepatic manifestations of HCV including cutaneous features have been extensively reviewed.\[[@ref4]\] The association of viral hepatitis and psoriasis has been reported.\[[@ref5][@ref6]\] HCV is currently suspected as a possible pathogen in psoriasis.\[[@ref7][@ref8]\] On the other hand, recent study shows abnormalities in liver enzymes in 47% of acute generalized pustular patients with psoriasis.\[[@ref9]\]

Apoptosis plays an important role in the elimination of unwanted cells during development and also as a factor that maintains proliferative homeostasis.\[[@ref10]\] The marked thickening of the epidermis in psoriasis may be related to the imbalance of the homeostasis caused by abnormal apoptotic process.\[[@ref11]\] Regulation of apoptosis is mediated by a set of proteins such as p53\[[@ref12]\], bcl-2\[[@ref13]\] and tTG.\[[@ref14]\] Recent study reported significant overexpression of pro-apoptotic markers (Bax, Fas, P53, and Caspase-3) and no change in antiapoptotic marker Bcl-2 in skin samples of advanced HCV liver patients.\[[@ref15]\] Bcl-2 is a proto-oncogene protecting the cells against apoptosis. Patients with systemic lupus erythematosus and Behçet disease\[[@ref16]\] have been reported to have excessive expression of Bcl-2 in serum and lymphatic cells. Recently, only the release of mitochondrial cytochrome c as a marker of apoptosis mediated via oxidative stress was measured in the serum as sign of the pathogenesis of psoriasis.\[[@ref17]\] Till date, there have been no studies on the importance of Bcl-2, P53 and tTg concentrations in the serum of patients with psoriasis. Also, no previous research has investigated the clinical severity of psoriasis in HCV infection, regarding changes in apoptosis and its regulatory proteins.

This study aimed to identify the serum levels of apoptosis-regulating proteins in patients with psoriasis and without HCV infection and to study the relation between clinical severity of psoriasis and the presence of HCV infection.

Materials and Methods {#sec1-2}
=====================

Patients {#sec2-1}
--------

A total of 110 individuals were selected from patients admitted to the Department of Dermatology, Faculty of Medicine, Mansoura University, Mansoura, Egypt. Out of these 20, age- and sex matched healthy individuals (15 men and 5 women, age range: 18-65 years) with a mean age of 23 ± 1.5 years were selected as controls who attended routine health check- ups at the hospital. Total 90 psoriatic patients (70 men and 20 women, age range: 18-64 years) with a mean age of 29 ± 13.6 years with proven viremia, HCVantibodies, HCV-RNA positivity, and genotype determinations were included in this study. Patients and control subjects who were alcoholics or smokers and had past or concurrent diseases like anemia, abnormal lipid profile, diabetes mellitus, cardiovascular diseases, liver or kidney diseases, HIVand/or HBV co-infection, or other causes of chronic liver diseases and inflammatory skin diseases that may possibly affect the redox status were excluded from the study. Also subjects who were overweight and obese (body mass index, BMI ≥ 25 and ≥30 kg/m^2^) were excluded from the study. Psoriatic patients with any topical therapy within 4 weeks, systemic drug therapy or photo chemotherapy within 3 months were excluded from this study. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki, and was reviewed and approved by ethical committee of the Department of Dermatology. All subjects completed a structured questionnaire with questions regarding demographic data and daily medication use. The demographics and baseline characteristics of patients with psoriasis and controls are presented in [Table 1](#T1){ref-type="table"}.

###### 

Demographics and baseline characteristics of psoriatic patients and healthy control groups (mean±SD)
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Psoriasis area and severity index {#sec2-2}
---------------------------------

The patients were diagnosed by Auspitz sign, clinical features of psoriasis like erythema, itching, thickening and scaling of skin. Disease duration of psoriatic patients ranges from 5 months to 10 years with a mean range of (6.4 ± 4.2 years). The clinical severity was determined according to the PASI.\[[@ref18]\] PASI assesses four body regions: The head, trunk, upper extremities, and lower extremities. For each region, the surface area involved is graded from 0 to 6 and each of three parameters (erythema, thickness, and scaling of the plaques) is graded from 0 to 4. The scores from the regions were summed to give a PASI score ranging from 0 to 72. Psoriatic patients were classified into mild (30 patients; PASI up to 25), moderate (30 patients; PASI ≥ 25) and severe (30 patients; PASI ≥ −50). Peripheral venous blood samples were obtained from patients and controls in the morning following an overnight fast. Then, serum samples were aliquoted into smaller containers and stored at −80° C until assaying.

Blood analysis {#sec2-3}
--------------

### Biochemical analysis {#sec3-1}

Test for serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were performed using Max Discovery™ Color Endpoint Assay kits (Cat. No.BO\_ 5605-01 and BO_3460-08, Bioo Scientific Co., USA.).

### Estimation of HCV antibodies using enzyme linkedimmunosorbent assay {#sec3-2}

Diagnosis of chronic HCV was established by elevated (ALT) levels in persons having HCV antibody (anti-HCV) by a third generation enzyme immunoassay (EIA) (Axsym HCV 3.0, Abbott Laboratories, and Chicago, IL, USA) according to the manufacturer\'s instructions.

### Polymerase chain reaction {#sec3-3}

All chemicals used in this study were of analytical grade and purchased from Sigma Chemical Co. (St. Louis, Mo, USA). The HCV RNA was extracted by the silica method and PCR was performed as described by Boom *et al*.\[[@ref19]\]

### HCV quantitative test {#sec3-4}

HCV RNA quantification was done by using Smart Cycler II Real time PCR (Cepheid, Sunnyvale, Calif. USA) with HCV RNA quantification kits (Sacace Biotechnologies, Italy). HCV- RNA was isolated according to the manufacturer\'s instructions.

### HCV genotyping {#sec3-5}

HCV genotyping technique was done for sera of HCV positivepatients using PCR technique. The method was done as described by Okamoto *et al*.\[[@ref20]\]

### Determination of apoptotic marker by ELISA {#sec3-6}

Serun anti-tissue transglutaminase (IgA) was determined using a commercially available, non-isotropic, anti-t-Tg IgA ELISA kit (Cat\# 27-GD70; ALPCO Diagnostic, USA). Also, serum bcl-2 concentrations were determined using a commercially available, non-isotropic bcl-2 ELISA kit (Cat\# QIA23, Oncogene Research Products, Germany). The quantification of p53 concentration in serum was determined using photometric one-step-enzyme-immunoassay ELISA kit (Cat. Nr. 11 828 789 001; Roche Diagnostics GmbH, Roche Applied Science, Germany).

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was carried out using Statistical Package for Social Science (SPSS) program version 10 for Windows (SPSS Inc, Chicago, IL, USA). The quantitative data were presented in the form of mean and standard deviation. Student\'s *t*-test was used to compare quantitative data of two groups. Correlations were analyzed by Pearson\'s correlation coefficient (r) and *P* \< 0.05 was deemed statistically significant.

Results {#sec1-3}
=======

A total of 90 patients (70 men, 20 women; age range: 18-64 years, mean age: 29 ± 13.6 years) with psoriasis were included in this study. Anti-HCV antibodies were detected in 45.6% (46/90) of the patients: The results were confirmed with the detection of HCV-RNA PCR test in serum samples. Based on genotype analysis of psoriatic patients infected with HCV, the most frequently detected genotype was 4 (40.0%), followed by genotype 2 (5.6%). The main characteristics of patients are shown in [Table 1](#T1){ref-type="table"}.

The patients with psoriasis were clinically classified according to PASI as mild, moderate and severe \[[Table 1](#T1){ref-type="table"}\]. Anti-HCV antibodies were detected in 40.0% (12/30), 43.3% (13/30), and 53.3% (16/30) of patients with mild, moderate, and severe psoriasis, respectively. In addition, patients with severe psoriasis showed significant higher (*P* \< 0.001) HCV-RNA PCR values compared to (*P* \< 0.001) mild, and moderate psoriatic patients. In the same manner, in severe psoriatic patients, the most prevalent HCV genotype was genotype 4 (15/16; 93.75%) as compared to (*P* \< 0.001) mild and moderate patients. However, genotype 2 showed prevalence rate in moderate psoriatic patients (3/13; 23.1%) compared to (*P* \< 0.001) mild and severe patients. There was a significant increase (*P* \< 0.001) in PASI score values in positive anti-HCV patients with severe psoriasis as compared to patients with mild and moderate psoriasis \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation of severity of psoriasis (PASI) with HCV-biomarkers in psoriatic patients
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There was a significant increase (*P* \< 0.001) in the level of ALT and AST in all patients with psoriasis compared to controls. Patients with psoriasis positive anti-HCV antibodies showed significant increase (*P* \< 0.001) in the level of ALT and AST when compared to psoriatic patients lacking anti-HCV antibodies \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. There was a significant increase in the expression of p53 and tTG associated with a significant decrease in bcl-2 protein expression in all patients with psoriasis compared to controls. Psoriatic patients with positive anti-HCV abs showed a significant (*P* \< 0.001) higher expression of p53 and tTG associated with significant (*P* \< 0.001) lower expression of bcl-2 compared to those with negative anti-HCV antibodies \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Apoptosis and severity of psoriasis (PASI) measured according to the values ALT, AST, p53, TtG, and Bcl-2 in controls and patients with psoriasis
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###### 

Apoptosis and severity of psoriasis (PASI) measured according to the values ALT, AST, p53, TtG, and Bcl-2 in controls and patients with psoriasis HCV
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Severe psoriatic patients with positive anti-HCV antibodies showed significantly (*P* \< 0.001) higher serum levels of p53 and tTG associated with a significantly (*P* \< 0.001) lower serum level of bcl-2 proteins as compared to moderate and mild psoriatic patients with positive anti-HCV antibodies \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. There was a positively significant (*P* \< 0.001) correlation reported between p53 and TtG and negative correlation (*P* \< 0.001) with bcl-2 in psoriatic patients with or without anti-HCV antibodies. Also, in relation to the severity of psoriasis (PASI), positively significant (*P* \< 0.001) correlation was reported towards p53 and tTG and negative correlation (*P* \< 0.001) with bcl-2. Similarly, in psoriatic HCV patients, the values of HCV-RNA showed positively significant (*P* \< 0.001) correlations with PASI score, p53 and tTG and negative correlation (*P* \< 0.001) with bcl-2 \[[Table 5](#T5){ref-type="table"}\].

###### 

Correlation analysis of different parameters among different psoriatic patients
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Discussion {#sec1-4}
==========

There are varied etiological factors in the pathogenesis of psoriasis. Recently, it has been proposed that HCV viral antigens are involved in the pathogenesis of psoriasis.\[[@ref4][@ref5][@ref6]\] HCV antibodies are more frequently found in patients with psoriasis than in the normal population. It has been reported that 10.7% of patients were shown to be infected with HCV in the psoriasis group as compared to 2% in the control group.\[[@ref6]\] The high anti-HCV prevalence in this study may be attributed to infection by inapparent routes, through minute psoriatic skin abrasions.

In this work, psoriatic patients with positive HCV antibodies showed significant increased values (*P* \< 0.001) in PASI score as compared to negative patients suggesting that HCV infection may contribute to the severity of psoriasis. The results confirmed with higher significant values of HCV-mRNA, which showed significant association with the severity of psoriasis. Anti-HCV antibodies were found in 8 (79) patients with psoriasis by detection of HCV-mRNA in the tissues of the lesions of psoriasis patients.\[[@ref8]\] It is suggested that active viral replication in the skin lesion might be one of the triggering factors of the severity of psoriasis. The data obtained from this study showed a statistically significant correlative relationship between the clinical severity of psoriasis and the presence of HCV antibodies. In addition, genotyping analysis showed a significant prevalent ratio of HCV-genotype 4 in severe psoriatic patients as compared to mild and moderate cases, that could explain the increased severity of psoriasis in HCV patients and that psoriatic lesions may be a suitable route of HCV distribution. These changes may be due to the metabolic and biochemical alterations present in such patients or to the direct effect of the virus, which promotes liver cell failure. This may be manifested in the skin disorders.\[[@ref21]\]

On the other hand, psoriasis may affect the liver condition. In the present study, ALT and AST were estimated as biochemical liver markers in the patients and control groups. In patients with severe psoriasis, a significant increase (*P* \< 0.001) in the level of ALT and AST was noticed as compared to mild and moderate groups. The increased levels of ALT and AST in patients with psoriasis indicate that psoriasis may promote liver disorder. The presence of varying degrees of liver cell damage with elevations in the liver function tests in patients with psoriasis was reported and psoriasis itself may cause damage to the liver, which is relatively less than the damage caused by HCV.\[[@ref9]\] There is an association between higher titers of ALT and AST and the severity of psoriasis. The presence of abnormal biological liver parameters in 47% of patients with generalized pustular psoriasis, which is not attributed to methotrexate treatment indicates the effect of psoriasis on liver condition.\[[@ref9]\] The prevalence of HCV infection in psoriasis patients may add to liver dysfunction.

Apoptosis is a physiological form of cell death that is responsible for the deletion of cells in order to keep and regulate the structural homeostasis of the skin. It has been reported that interferon affects the expression of apoptosis molecules.\[[@ref10]\] In this study, none of the patients was treated with interferon. The expression of the pro-apoptotic protein p53 in the psoriatic skin was studied and the data obtained revealed overexpression in keratinocytes of the basal and supra basal layers of psoriatic epidermis.\[[@ref12]\] The pivotal role of bcl-2 protein in cell homeostasis of psoriatic patients is negative regulation by the overexpression of p53 or tTG pro-apoptotic proteins.\[[@ref13][@ref14]\] All previous researchers who studied the apoptosis markers in psoriasis have localized those markers in patients' skin.

In this study, we found severity wise increase of p53 and tTG and a decrease in bcl-2 expression in the serum of both anti-HCV-negative and positive patients with psoriasis. However, a significantly higher value of p53 and tTG and lower Bcl-2 values were reported in psoriatic patients with anti-HCV antibodies as compared to anti-HCV-negative patients. Especially when taking into consideration that apoptosis induction in patients with HBV or HCV is considered by some authors as a defense mechanism to limit viral replication and promote their elimination.\[[@ref22]\] Serum Bcl-2 level was measured in patients with viral hepatitis; the data obtained showed a significantly elevated Bcl-2 level in the serum of liver cancer as compared to cirrhosis and chronic cases.\[[@ref23]\] In addition, a recent study on psoriatic patients showed that there is no difference in the level of serum Bcl-2 before and after topical treatment and no significant difference between patients with mild and severe psoriasis was reported.\[[@ref24]\] The exact source of these apoptosis-regulating proteins in the blood of the patients is not known. It may be from the psoriatic skin lesions as there was a significant increase of the serum levels of p53 and tTG and significant decrease of the serum levels of bcl-2 in the serum of the patients as compared to the controls. Previous studies showed a significant reduction in the amount of apoptosis-blocking gene Bcl-2 in basal layer of psoriatic epidermis and a presence of tissue transglutaminase (tTG) in it, specifically placed in cytoplasm of epidermal apoptotic cells. Thus, significantly high titers of antibodies against tTG in psoriatics are likely to result from the response to this protein expression in psoriatic lesions.\[[@ref25][@ref26][@ref27][@ref28]\] Moreover, the data matched with that of El-Domyati *et al*.\[[@ref29]\] who reported that psoriatic plaques revealed p53 overexpression in keratinocytes Bcl-2 overexpression in lymphocytes, and absent apoptotic cells.

In psoriasis, many investigators reported over-expression of p53 in the keratinocytes of both psoriatic and non-lesional skin with higher expression of p53 in lesional than in non-lesional skin. This p53 overexpression was explained as a physiological reaction to hyperproliferation. Bcl-2 expression was found to be suppressed in the keratinocytes of psoriatic lesions. Thus, because of its limited expression, Bcl-2 is believed to be not directly associated with cell proliferation or apoptotic resistance in psoriasis;\[[@ref30][@ref31]\] this confirms our results that showed significant decrease of bcl-2 psoriatic patients with varying clinical severity. However, overexpression of p53 protein was the only common finding in HCV liver disease patients, which could be attributed to significant DNA damage during apoptosis.\[[@ref32]\] Positive correlation between PASI, HCV-RNA, tTG, P53, and negative correlation with Bcl-2 in anti-HCV positive and anti-HCV negative psoriatic patients in our results can partially confirm this suggestion. These findings suggest that an alteration in the proliferation/apoptosis balance is present in the skin of such patients. It is still unclear whether skin diseases associated with HCV infection and characterized histopathologically by apoptosis or necrosis,\[[@ref33][@ref34]\] are due to an exaggerated response to such alteration. Also, the increase of apoptotic relating proteins may be related to the regulatory functions of HCV core protein which regulates the signaling pathways, cellular gene expression, and cell growth.\[[@ref35][@ref36]\] Liver abnormalities may be another possible source of the apoptosis regulating proteins in the serum of the patients. We found significant increase in the liver enzymes of mild, moderate and sever psoriasis patients. Damage of the liver cells may be caused by chronic inflammation, mediated by either pro-inflammatory skin-derived cytokines or adipokines which may contribute to fatty liver disease and may act on the skin to influence psoriasis disease severity.\[[@ref37][@ref38]\] Impaired liver function and liver cell death by apoptosis can either be caused or aggravated by psoriasis. This study showed that liver dysfunction is increased in anti-HCV positive psoriasis patients. The serum levels of liver enzymes are significantly higher in anti-HCV positive patients than negative patients. The liver insult in those patients may be caused of both HCV infection and psoriasis.

Conclusion {#sec1-5}
==========

We have shown that abnormal expression of apoptosis-regulating proteins p53, tTG, and bcl-2 along with HCV infection are closely related to the clinical severity of psoriasis. These results suggest that the presence of HCV infection might be one of the triggering factors of psoriasis. Finally, determination of apoptosis-regulating proteins in the serum could be useful as prognostic markers and therapeutic targets of psoriatic disease.

**What is new?**

Abnormal expression of apoptosis-regulating proteins p53, tTG, and bcl-2 closely related to the clinical severity of psoriasis. Determination of apoptosis-regulating proteins in the serum could be useful as prognostic markers and therapeutic targets of psoriatic disease.Significant correlative relationship between the clinical severity of psoriasis and the presence of HCV antibodies and HCV-mRNA was reported.HCV genotyping analysis showed a significant correlation between HCV genotype 4 and clinical severity of psoriasis and HCV infection, which may be a route of distribution through psoriatic lesions.
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